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We describe the application of a method for u1trasonic imaging of flaws 
in solids. These methods greatly extend ear1ier work a10ng these lines at 
Rockwell and the Langenberg group in Gennany, see [1,2,3,4,5,6,7,8,9,101. 
The new inversion methods aUow reflector imaging and parameter estimation 
in progressively more complex media with progressively more realistic 
source/receiver configurations. This research has been carried out in the 
context of seismic exp10ration. However, the problems are sufficient1y 
similar that these more realistic mode1s have direct counterparts in 
nondestructive testing [11,12,13,l4,15,16,171. In particular, both problems 
are l!.!sl! !.!~g~~~~I inverse scattering problems. High frequency means that 
the wave1engths are much smaller (by a factor of three or more) than the 
other length scales of the problem. 
An essential el ement of aU inver sion al gori thms i s nbp ck propaga tion" 
with respect to some reference propagation speed. In the earlier work, used 
by both the RockweU program and by Langenberg, the reference speed was 
constant and the flaw was required in the -far field.- We sOOn developed 
techniques that do not restri ct us to far fie1d inversion. For cOnstant 
background propagation speed. the evolution of this method was described in 
[11,12,181. More recently, we have developed methods that allow for a 
background speed that depends on one variab1e (stratified reference) 
[13,141 and On three variables [15,171. In the latter two papers. we also 
extend the method to the case of separated source and receiver and non-
planar datum surfaces. We present solutions formulas for the case of One 
source, multi-receiver array, one receiver, multi-source array, fixed offset 
between source and receiver. The solutions are in the form of integrals, 
leading to summations in the discrete processing. They are extreme1y stable 
and tend to dimini sh the noi se in the da ta. 
Thus, the flaws and inclusions being imaged by the new methods no 
longer need be small and in the far field, but need on1y be a few (three or 
more) wave 1engths from the sources and receiver s. 
When te ste d on se i smic da ta se t s, the computer al gori thm s deve1 ope d to 
imp1ement our theories use a few tens of minutes of CPIl time On a machine 
such as an IBM 3034 or a Cyber 7600. A te st ca se On a Cray ran in under a 
minute. Seismic data sets typica11y consist of 400-800 data traces with 
1024 points per trace. The inversion a1gorithms produce between 250,000 and 
400,000 output da ta points for such sets. In NDT, the da ta sets tend to be 
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at least an order of magnHude smaller in size, as is the output. Thus, we 
anticipate CPD times that are two orders of magnitude smaller than those for 
the seismic experiments. 
Figures 1 through 4 demonstrate our methods and their computer 
implementation in the context of seismic exploration. Figure IA depicts a 
model in which the background sound speed in the right half of the figure 
has one dimensional variation. Figure lB depicts synthetically generated 
backscattered data for this model. Each vertical line represents the record 
of the response to an impulsive source at that transverse spatial location. 
The horizontal deviation from a straight line depicts the amplitude. The 
objective of such an inversion is to accurately depict the flank of the 
intr us i on (" salt dome" in the se i smic litera ture) on the left of Figure IA. 
A constant background sound speed algori thm could not successfully image 
that flank because it would not properly account for refractions at each of 
the horizontal interfaces when inverting the data. A c(z) (ODe dimensional 
variation) background speed was used for this model. The resul t is shown in 
Figure lC. The flank is successfully imaged. 
The background speed used for this case was not the discontinuous speed 
of the input model, but a piecewise linear speed c(z), connecting the values 
of sound speed at each of the interfaces. Thus, the robustness of the 
method with respect to errors in true propagation speed is also 
demonstrated. Furthennore, the data was not 'true amplitude' data but did 
have accurate phase information for the model. Thus, the output also 
demonstrates the value of the method as an imaging technique when only phase 
or "time-of-flight" information is retained. 
We remark that, in a nondestructive testing context, this algorithm 
would be useful in examining a sample with aflat surface immersed in a 
fluid the sources and receivers placed in the fluid. With this immersion 
technique, mul ti-directional wave propagation in the solid is more easily 
achieved than with a transducer in contact with the solid' s surface. The 
c( z) algori thm allows one to account for refractions at the fluid-solid 
interface. It also would allow for inclusion of a laminar structure into 
the background propagation speed. It is this algoritlm that will provide 
the starting point for inversion of NDB data from an immersed solid. 
Figure 2A is a model for which the c(z) algorithm will not suffice. 
Backscatter data for this model was generated under the assumption of 1000 
ft/sec increments in sound speed across each interface. A c(x, z) background 
sound speed was used to invert the data. To test the method, a background 
sound speed that was a close approximation of the "true" sound speed was 
employed. The result is shown in Figure 2B. The missing portions of the 
reflectors are the resul t of the limited aperture of the experiments on the 
upper surface: reflected rays from the outer portions of the reflectors 
propagate outside the model data set. Within the aperture, the reflectors 
are all sa ti sfa ctorily ima ge d. 
As a comparison, Figure 2C shows the inversion with respect to a 
constant background, namely the sound speed in the first region. While the 
first reflector is properly imaged, the lower reflectors are note This 
demonstrates the need for the more complex background sound speed. For true 
amplitude data, we could use this first result to estimate the sound speed 
below the first reflector and then properly image the second reflector, as 
we11. We would then estimate the sound speed below that reflector thereby 
obtaining the full complex sound speed used to produce Figure 28. 8y this 
method, one could re cur se through a medium. The practicality of this type 
of recursion has not yet been tested. 
The algorithm used to generate the output of Figure 2 can also be used 
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dth data for which the amplitude has not been accurately preserved (e.g., 
when automatic gain control has been employed). In this case, the location 
of the reflectors with respect to the background propagation speed is 
accurately reproduced but parameter estimation is no longer feasible except 
possibly at the crudest level of relative magnitude. 
In the context of nondestructive te sting, a c(x,z) inversion of this 
type would be the method of choice for a sample with an irregular upper 
surface such as the one in this example. Again we would model the 
experiment in which the part is immersed in a fluid. Without a c(x, z) 
inversion algori thm, ODe could not hope to tab account of the lensing 
effect of the outer boundary. 
The example of Figures 3A-C is another example of an intrusion in an 
otherwise stratified medium. Figure 3A ahowa the model, also ahowing the 
normal incidence geometrical optica raya at one reflection aurface. The 
blanks along that surface depict regions from which the normal incidence 
rays do !lOt emerge at the upper surf ace within the range of the experimenta. 
Figure 3B demonstrates an inversion with a c(x,z) algorithm, while Figure 3C 
depicts the inversion with a c(z) algorithm. Both inversions produce almost 
the same image of the flanks of the intrusion. However, the latter method 
inaccurately images the reflector directly below the saltdome, while the 
former method depicts portions of that reflector properly located. The gaps 
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in the lowest reflector arise from rays that pass out of the data field or 
from rays that passed through a caustic on their propagation path to the 
surface.The latter have not yet been incorporated into this algorithm 
al though they are a topic of current re search. 
The !ast example demonstrates a finite offset inversion algorithm with 
a constant background. In this case it was assumed that the source/receiver 
pair were separated by a fixed distance. Figure 4A shows the model, Figure 
48 shows the fixed offset data with each trace plotted at the midpoint 
between source and receiver, Figure 4C shows the output of the inversion 
algorithm and demonstrates the validity of this method. 
This constitutes a first demonstration of the implementation of our 
theory in the case of a separated source and receiver. Clearly, this has 
its direct counterpart in nondestructive testing to experiments in which the 
source and receiver are separated. In this case, a source/receiver pair 
would be moved across the domain containing the test object. Similarly, we 
have a theory for the case in which ODe source and an array of receivers is 
employed or the opposite case of One receiver and an array of sources. 
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